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SPEOEIC^ON 

1. Htle of the Invention 

MANUFACimiiSfG METHOD OF SEMICONDUCTOR APPARATUS 

2. Scope of Qajm 

(1) Amanufacturing method of a semiconductor apparatus having the steps of: 
forming a first and a second insulating films which become barriers against 

diSusioti of hydrogen, respectively on both up and down sides of the crystalline 
seoitcondoctor thin film; 

introducing hydrogen into the semiconductor thin film; 

carrying out thermal treatment after that, in a manufacturing method of a 
semiconductor apparatus wherein a crystalline semiconductor thin fihn on an insulating 
substrate. 

(2) A manufacturing method of a semiconductor apparatus according to Claim 1 
wherein a silicon nitride film formed by a low-pressure CVD method or a plasma CVD 
method as said insulating film whicb becomes a bairier against diffusion of hydrogen. 

(3) A manufacturing method of a semiconductor apparatus according to Claim 1 
wherein a silicon nitride oxide film formed by a plasma CVD method as said insulating 
film which becomes a barrier against diffusion of hydro^n. 

(4) A manufacturing method of a semiconductor apparatus according to Claim 1 
wherein said crystalline semiconductor thin film material is silicon* 

(5) A manufacturing method of a semiconductor apparatus according to Clahn 1 
wherein said introduction of hydrogen is carried out due to difiEuston of hydrogen from 
said insulating film containing hydrogen. 

(S) A manufacturing method of a semiconductor apparatus according to Gaim 1 
wherein said introduction of hydrogen is carried out due to plasma containing hydrogen, 

(7) A manufacturing method of a semiconductor apparatus according to Claim 1 
wherein said introduction of hydrogen is carried out due to ion implantation. 

(8) A manufacturing method of a semiconduclor apparatus according to Claims 1, 4 
and 5 wherein said thermal treatmrat is carried out at a temperature that non-crystalline 
silicon starts poly-aystallizing. 

[Industrial Field of the hivention] 

The present mvention relates to a manufacturing method of a thin film transistor 
formed on an insulating base substrate. 
[Prior Art] 

As shown in Fig. 3, a thin film transistor (hereafter referred to as TFT) was 
conventionally formed by fomung a semiconductor thin film 32 on an insulating substrate 
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31 to fonn an element therein. 

In addition, in recent years, it has been often found that a aystalline 
semiconductor thin fihn has been used as a semiconductor thin fihn to enhance TFT 
performance. The tenn crystalline semiconductor here is a single crystal semiconductor 
having a plurality of defects compared to a single crystal wafer generally used and a 
polycrystalline semiconductor having no less than one grain boundary inside. 

[Problem to be Solved by the Invention] 

However, in said conventional example, a plurality of boundary face levels 33 
existed in a boundary &ce between a crystalline semiconductor thin film and a substrate. 
By the influence of this boundary face level, m a case of manufacturing MOSFET for 
example, caixier is trapped by the level at a channel portion to form so called a back 
channel, and deterioration in an element performance such as flactuation in threshold 
voltage and decrease in on/ off rate is caused 

Moreover, when an inexpensive material such as glass was used for a substrate, 
alkaline ions sudh as Na* contained in a substrate material was moved due to heat 
treatment under processing and existed as a movable ion at a grain boundary relative to 
the substrate and at a silicon thin film to cause a problem such as deterioration in an 
element performance and reliability. 

To solve these problem, as a protective film, the number of the level in the 
silicon thin film is reduced by using a hydrogen passivation due to a silicon nitride by a 
plasma CVD method to increase mobility after forming an element. In addition, 
high-purity quartz and non-alkaline glass may be used as a substrate to prevent 
contamination of an alkaline ion. 

However, aforementioned problem in the boundary fece relative to the substrate 
has not been solved. Moreover, there was a problem to form inexpensive TFT over an 
large substrate because a substrate such as high-purity quartz and non-alkaline glass was 
expensive. 

[Means for Solving the Problem] 

A first substance of this invration exists in a manu&cturing method of a 
semiconductor apparatus in which a crystalline conductive thin film is formed on an 
insulating base substance, characterized by includiog, in a manu&ctuiing method of a 
s^nioonductor apparatus. A step of forming a first and a second insulating films which 
become barriers against diffusion of hydrogen, respectively on both up and down sides of 
the crystalline semicondtictor thin fihn, a step of introducing hydrogen into the 
semiconductor thin film, and a step of carrying out thermal treatment after that 

[Operation] 
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Thermal treatment is applied to a crystalline seDoiconductor thin film into which 
hydxogen was intn>duced, and thereby, hydrogen is diffused in the thin fihn, and a 
boundary face level, which ^ists on a boundary face between the crystalline 
semiconductor thin film and the base substance, is trapped by hydrogen, and the number 
of the boundary face level is made to be reduced, and it can be expected that electric 
properties of the semiconductor apparatus such as TFT etc. are made to be improved 

Also, hydrogen diffused in the thin fihn is trapped at a defect level in the thin 
film and at a boundary face level of a crystal grain boundary, and thereby, it can be 
expected that electric properties of the semiconductor apparatus such as TFT etc- is made 
to be improved* 

Further, as an instilating film which becomes a baiiier against difiusion of 
hydrogen, a silicon nitride film is formed between the base substance and the 
semicondttctor thin film, and thereby, generated is an effect of blocking agamst allcalme 
ions such as Na^ &om a substrate of ^ass etc., and improvement of reliability can be 
expected. 

Additionally, on the semiconductor thin film, formed is the msuMng film which 
becomes a barrier against difiusion of hydrogen, and thereby, prevented is out-diffusion of 
hydrogen which was dtSiised ui the thin film, so that it can be expected that the 
above-described advantages is obtained more stably. 

In passing, as an amount of hydrogen to be introduced, several % ^ several 
dozen dtm% are preferable. 

(Mode for Exploitation) 

Fig*l is a cross sectional view of a semiconductor apparatus which characterizes 
this invention. 

As a first mode for exploitation of this invention, firstly, on an insulating 
substrate 11 such as glass etc, as a first insulating fihn which becomes a barrier against 
diffiision of hydrogen, for example, with a plasma CVD method and substrate 
temperature 200''C~300^ a silicon nitride film 12 is formed. In this silicon nitride film 
12, contained is hydrogen of several % several dozen atm%. 

After that, a crystalline silicon thin fihn 13 is formed with temperature which is 
the same as or less than temperature at which the silicon nitride film 12 was formed As 
the crystalline silicon thin film^ it is possible to use polycrystalline silicon which was 
formed by a low-pressure CVD method or aplasma CVD method, and a large grain size 
polycrystalline silicon which was obtained by an addition effect of hydrogen hallde gas 
such as HO in fihn formmg atmosphere, in such a plasma CVD method that we are 
proposing. From view points on low temperature as process temperature and electric 
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properties^ the laige grain size polycrystalline silicon fhin film wliich we are proposing is 
most suitable to this embodiment 

Next, a second msulating film 14, which becomes a barrier against difiiision of 
bydiogen, is formed on the polycrystaUine silicoti. As the insulating fihn which 
becomes a barrier against difiosion of hydrogen, it is possible to use a silicon nitride film 
which was formed by a low-pressure CVD method, and a silicon nitride fihn and a silicon 
nitride oxide fihn which were fomied by a plasma CVD method, in the same manner as in 
the first insulating film« 

Next, under Nz, Ax, Hz or their mixture gas atmosphere, thermal treatment is 
carried out with higher temperature (300^0-600") than temperature at which the first 
insuktmg film which becomes a barder against difi^sion of hydrogen, for example, a 
silicon nitride film, was formed* 

During this thermal tieatment, hydrogen, which exists m the silicon nitride fihn, 
is diffiised in the crystalline silicon thin film^ so that it is trapped at a boundary face level 
which exists in a substrate boundary fiaoe, a defect level in the crystalline silicon thin film, 
and a boundary face level which exists in a grain boundary of crystalline silicon, whids 
suppresses generation of a back channel in the substrate boundary &ce, reduces potential 
of the grain bouiulary, and enlarges mobility. 

Also, by forming the silicon nitride film between the substrate and the crystalline 
silicon thm fihn, an effect of blocking is applied to alkaline ions such as Na^ fix>m the 
substrate such as gilass etc., so that reliability is improved 

Also, by fotxning the insulating film which becomes a barrier against difiusion of 
hydrogen, on both sur&ces of the crystalline silicon thin film, on the occasion that 
hydrogen is diffused by a thermal treatment, it is possible to prevent outHJififusion from a 
surface of the crystalline silicon thin fihn, and it is possible to heighten a passivation 
efifect due to hydrogen. 

As a second mode fiDr e3q>loitation of this invention, firstly, on an insulating 
substnite 11 such as glass etc., as a first insulating film which becomes a barrier against 
diffusion of hydrogen, for example, with a plasma CVD method and substrate 
tempeiature 20(f C^300% a silicon nitride film 12 is formed. Li this silicon nitride fihn 
12, contained is hydrogen of several % several dozen atm%. 

After that, an amorphous silicon thm fihn 13 is formed with temperature which is 
the same as or less than temperature at which the silicon nitride film 12 was fonned. As 
the amorphous silicon thin film, it is possible to use amorphous silicon which was formed 
by a low-pressure CVD method or a plasma CVD method, and one which was made to be 
amorphous by ion-implantmg polycrystaUine silicon Si^. 
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Next, an insulatmg fOm 14, which becomes a barrier against diffusion of 
hydxogeo, is fbnned on the amorphous silicon. As the hisulating fihn whidi becomes a 
barrier against diffusion of bydrog^ it is possible to use a silicon nitride film which was 
£Qmied by a low-pressure CVD method, and a silicon nitride film and a silicon nitride 
oxide fihn which were formed by a plasma CVD method, in the same manner as in the 
first insulating film. 

Next, under N2, Ax, H2 or their mixture gas atmosphere, themial treatment is 
carried out with higher temperature (SOO'^C-eOO**) than temperature at which the 
insulating film 12 which contains hydrogen, for example, a silicon nitride film, was 
fomied 

As to temperature of this thermal treatment, it is preferable to set it to such 
temperature that the amorphous silicon formed performs a solid phase crystal growth and 
is crystallized, for the purpose of manu&cturing a higher performance TFT. 

During this thermal treatment, at the same time of crystallization of amorphous 
silicon, hydrogen, which exists in the silicon nitride film, is diffused in silicon which was 
formed by crystallization of the amorphous silicon with the thermal treatment, so that it is 
trapped at a boundary face level which exists in a substrate boundary &ce, a defect level 
in the crystalline silicon thin film, and a boundary face level which exists in a grain 
boundary of crystalline silioon, which suppresses generation of a back channel in the 
substrate boundary face, reduces potential of the grain boundary, and enlarges mobility. 

Also, by forming the silicon nitride film between the substrate and the crystalline 
silicon thin fibn, an effect of blocking is applied to alkaline ions such as Na^ fiom the 
substrate such as glass etc, so that reliability is improved. 

Also, by forming the insulating film which becomes a barrier against diffusion of 
hydrogen, on both surfaces of the amorphous silicon thin film, on the occasion that 
hydrogen is diffused by a thermal treatment, it is possible to prevent out-difiusion from a 
surface of the crystalline silicon thin fibn, and it is possible to heighten a passivation 
effect due to hydrogen. 

As a third mode for exploitation of this invention, firstly, on an insulatmg 
substrate 11, as a first in sii^^^i^g film whidi beccmies a barrier against difbsion of 
hydrogpn, for example, with a plasma CVD method and a low-pressure CVD method, a 
silicon nitride film 12 is formed 

After that, a crystalline silicon thin film 13 is formed As the crystalline silicon 
thin film, it is possible to use polycrystalline silicon which was formed by a low-pressure 
CVD method or a plasma CVD method, and one which was formed by annealing and 
reorystallizing amorphous silicon, and a large grain size polycrystalline silicon which was 
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obtained by an addition effect of hydrogen halide gas sadx as HQ in film fonning 
atmosphere by a plasma CVD method which this i^plicant is proposing, and large grain 
size polycrystalUoe silicon which this applicant is proposing in a patent application 

62- 73629, a patent application 62-73630, and single crystal silicon which was formed on 
such an amoiphous substrate that this ^plicant is proposing in a patent application 

63- 107016, 

Next, by use of a plasma CVD apparatus, hydrogen gas is introduced into a 
chamber, and thereafter, electric discharge is initiated, and due to hydrogen plasma, 
hydiogen is introduced into the crystalline silicon thin film. 

Next, a second insulating fil^n 14, which becomes a baiiier against diffusion of 
hydrogen, is formed on the c^talline silicon. As the insulating fibn which beccnnes a 
barrier against diffusion of hydrogen, it is possible to use a silicon nitride film ^ch was 
formed by a low-pressure CVD method, and a silicon nitride film and a sHioon nitride 
oxide film which were formed by a plasma CVD method. 

Next, under N2, Ai^ H2 or thdr mixture gas atmosphere, themtial treatment is 
carried out 

During this fhennal treatment, hydrogen, which was mtioduced fiom plasma, is 
diffused in the crystalline silicon thin fjlin^ so that it is tiapped at a boundary face level 
which exists in a substrate boundary face, a defect level in the crystallme silicon thm film, 
and a boundary face level which exists in a grain boundary of crystalline silicon, which 
suppresses generation of a bade channel in the substrate boundary face, and reduces 
potential of the grain boundary, and enlarges mobility. 

Also, by fonning the silicon nitride film between the substrate and the crystalline 
silicon thin filnij an effect of blocking is applied to alkaline ions such as Na* from the 
substrate such as glass etc, so that reliability is improved. 

Also, by forming the insulating film winch becomes a barrier against diffusion of 
hydrogen, on both surfaces of the crystalline silicon thm film, on the occasion that 
hydrogen is diffused by a thermal treatment, it is possible to prevent out-difiiision from a 
surface of the crystalline silicon thin film, and it is possible to heighten a passivation 
effect due to hydrogen. 

As a fourth mode for expbitation of this invention, firstly, on an insulating 
substrate 11 such as glass etc., as a first insulating film which becomes a barrier agaii^t 
diffusion of hydrogen, for example, with a plasma CVD method and a low-pressure CVD 
method, a silicon nitride film 12 is formed 

After that, a crystalline silicon thin film 13 is formed. As the crystalline silicon 
thin film, it is possible to use polycrystalline silicon which was formed by a low-pressure 
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CVD method or a plasma CVD method, and one whidi was fonned by amiealmg and 
leciystallizing amorphous silicon* and a large gram size polycrystalline silicon whidi was 
obtamed by an addition effect of hydrogen halide gas sudi as HCl in film forming 
atmosphere, in such a plasma CVD method that we are proposing, and large grain size 
polycrystalline silicon which this applicant is praposing in a patent application 62-73629, 
a patent application 62-73630, and single crystal silicon which was formed on such an 
amorphous substrate that this applicant is proposing in a patent application 63-107016. 

Next, a second msulating fihn 14, which becomes a barrier against diffusion of 
hydrogen, is fonned on the polycrystalline silicon. As the insulating film which 
becomes a barrier against diffusion of hydrogen, it is possible to use a silicon nitride film 
which was fonned by a low-pressure CVD method, and a silicon nitride fOm and a silicon 
nitride oxide film which were formed by a plasma CVD method. 

Next, hydrogen is introduced into the crystalline silicon thm film, by an ordinary 
ion implantation method 

Next, under N2» At, H2 or their mixture g^s atmosphere, thennal treatment is 
carried out. 

During this thermal treatment, hydrogen, which was introduced by the ion 
implantation method, is diffused in the crystallme silicon thin film, so that it is trapped at 
a boundary face level which exists in a substrate boundary face, a defect level in the 
crystalline silicon thin film, and a boundary face level which exists in a grain boundary of 
crystalline silicon, which suppresses generation of a back channel in the substrate 
boundary face, reduces potential of the grain boundary, and enlarges mobility. 

Also, by forming the silicon nitride film between the substrate and the crystalline 
silicon thin film, an effect of blocking is applied to alkaline ions such as Na^ from the 
substrate such as gl^ etc., so that reliability is improved. 

Also, by fonning the insulating film which becomes a barrier against difiiision of 
hydrogen, on both sur&ces of the crystalline silicon thm film, on the occasion that 
hydrogen is diffused by a thermal treatment, it is possible to prevent out^^iffiision from a 
surface of the crystalline silicon thin film, and it is possible to heighten a passivation 
effect due to hydrogen. 

[Embodiments] 

Hereinafter, embodunents of this invention will be described in detail by the 
drawings. 

Fig.2 is a cross sectional view of MOSFET which was formed by use of this 
invention. 

[First Embodiment] 
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On a glass substrate 21, as a first insulating fiUxi whidi becomes a bairier against 
difCusion of hydxogieii, with a plasma CVD method, by SiHi/NH;} mixture gas series, a 
silicon nitride film 22 was deposited by lOOOA. As conditions for deposition, by use of 
a parallel flat plate type plasma CVD apparatus, with conditions of SiH4(10%H2 dilution) 
flow rate 15sccm» NH3 flow rate lOsccm, pressure 0.16 Ton, discharge power 3^W, and 
substrate temperature 300*^0, depraition was carried out for 35 minutes, hi a silicon 
nitride film which was deposited under these conditions, as a result of IR (Infrared 
Radiation) analysis, it was found that hydrogen of about 10 atin% is contained. 

Next, by a RF plasma CVD method, with SiH2Cl2/Hcl/H2 mixture gas series, on 
the silicon nitride fihn 22, a polycrystalline silicon thin fihn 23 was deposited by lOOOA. 
As conditions for deposition, with SiH2a2 0.9sccm, Hcl 130sccm, Ha 200sccm, pressure 
ZO Torr, RF power 60W, and substrate temperature 230*0, it was carried out Under 
these conditions, on the silicon nitride fihn 22, deposited was a polycrystalline silicon thin 
film whose grain size is about l«0{jun. 

Next, by a sputtering method, as a gate insulating film, a SiQz fihn 24 was 
deposited by 500A, and th^eafter, a gate electrode 25 was formed. 

Next, by an ion implantation method, P"^ is implanted, and a source/drain region 
26was£9rmed 

Next, as a second insulating film which becomes a barrier against difiusion of 
hydrogen, in the same manner as in the first insulating film 22, by a plasma CVD method, 
a silicon nitride film 27 was deposited by SOMA. 

Next, m Ni atmosphere, with 550'*C, thermal treatment was carried out* 

Next, a contact was opened at a desired region, and an Al electrode 28 was 

formed. 

By comparison as to measurement of electric properties of MOSFET formed on 
the substrate in which the polycrystalline silicon thin film wads directly formed on fbe 
glass substrate, in this embodiment and MOSjPFT which was formed by this embodiment, 
electron mobility becomes more than 2 times, and fluctuation band of threshold voltage 
was reduced to less than 1/2, 

It is conceivable that this is because, due to thermal treatment, hydrogen is 
diffiised from the silicon nitride film 22 into the polycrystalline silicon thin film 23, it is 
tr^ed at a boundary foce level which exists in a substrate boundary face and a crystal 
grain boundary in the polycrystalline silicon thin film 23, flie number of the level is 
reduced, occurrence of a back channel at the substrate boundary face is suppressed, and 
potential barrier of grain boundary went down. This is apparent also from sudi a fact 
that, from a result of ESR (Electron Spm Resonance) measurement, density of dancing 
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bond in the polyciystalline silicon thin film is reduced by more than 1 digit, due to 
thermal treatment 

Also, as to an effect of the silicon nitride films 22, 27 which become barriers 
agamst difiusion of hydrogen, for example, depending upon presence or absence of this 
silicon nitride fihn 27, density of hydrogen which exists in the polycrystalline silicon film 
23 is reduced fiom an order of lE20cm^^ to less than an order of IE19cm■^ and due to this 
fact, it was found that this film operates as a barrier against out-dif&ision of hydrogen. 

Also, in a reliability test, there occurs almost no change of electric properties, 
even by a high temperature and high humidity test, and reliability was also a sufficient 
one. 

It is conceivable that this is because the silicon nitride fihn 22 is blockiiig agamst 
difiusion of alkaline ions fiom the glass substrate. 

AIso^ it becomes apparent &om measurement of electric j^perties that, by 
thermal treatment of SSO'^C, hydrogen is diffused m polycrystallme silicon, and at the 
same time, activation of the source/drain region is possible. 

[Second Embodiment] 

On a glass substrate 21, with a plasma CVD method, by SiKi/Ntis mkture gas 
series, a silicon nitride film 22 was deposited by lOOQA. As conditions for deposition, 
by use of a parallel flat plate type plasma CVD apparatus, with conditions of SiH4(10% 
H2 dilution) flow rate ISsccm, NH3 flow rate lOsccm, pressure 0.16 Torr, discharge power 
3.5W, and substrate temperature 30[fQ deposition was carried out for 35 minutes. In a 
silicon nitride fihn which was deposited under these conditions, as a result of IR (Infrared 
Radiation) analysis, it was found that hydrogen of about 10 atm% is contained. 

Next, by a plasma CVD method, with SiH2Cl2/Hdi/H2 mixture gas series, on the 

o 

silicon nitride film 22, an amorphous silicon thin film 23 was deposited by lOOOA. As 
conditions for deposition, witii SiH202 flow rate 2 seem, H2 lOsccm, pressure 0.12 Ton; 
and discharge power SW, it was deposited for 30 minutes. 

Next, by a sputtering method, as a gate insulating film, a Si02 fihn 24 was 
deposited by 500A, and tiiereafter, a gate electrode 25 was fonned 

Next, by an ion implantation method, is implanted, and a source/drain region 
26 was formed. 

Next, as a second insulating film which becomes a barrier agamst diffusion of 
hydrogen, by a plasma CVD mediod, a silicon nitride film 27 was deposited by 5000A. 
Next, in N2 atmosphere, witii 6pO''C, thermal treatment was carried out. 
Next, a contact was opened at a desired region, and an Al electrode 28 was 

formed. 
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In this embodiment, it was confiimed by cross section TEMCHransmissioa 
Electron Microscope) that, due to theimal treatment of &XfC, the amorphous silicon thin 
film 23 is grown in solid phase crystal, and is made to become polycrystalline 

By comparison as to measurement of electric properties of MOSFEI formed on 
the substrate in which the polycrystalUne silicon thin film was directly formed on the 
glass substrate, in this embodiment and MOSFET which was formed by this embodiment, 
election mobility becomes more than 1<S times, and fluctuation band of threshold voltage 
was reduced to less than 1/2. 

Also, by comparison as to measurement of electric properties of MOSFET in 
which the polycrystalline silicon thin film was directly formed on the glass substrate and 
MOSFET which was formed by this embodiment, electron mobility becomes more than 
1000 times. 

It is conceivable that this is because, due to thermal treatment, hydrogen is 
difiused £K)m the silicon nitride fihn into the poly<^ystal]ine silicon thhi film 23, and it 
is trapped at a boundary face level which exists in a substrate boundary &ce and a crystal 
grain boundary in the polycrystalline silicon thin film 23, and the number of the level is 
reduced, oocunence of a back chaimel at the substrate boundary lace is suppressed, and 
potential barrier of grain boundary went down. This is apparent also from sudi a fact 
that, from a result of ESR (Electron Spin Resonance) measurement, density of dangling 
bond m the polycrystalline silicon thin film is reduced by more than 1 digit, due to 
thermal treatment 

Ako, as to an effect of the silicon nitride fihns 22, 27 which become barriers 
agairtet difhsion of hydrogen, for example, depending upon presence or absence of this 
silicon nitride film 27, density of hydrogen which exists in the polycrystalline silicon film 
23 is reduced from an order of IE20cm'^ to less than an order of IE19an ^ and due to this 
fact, it was found that this fihn operates as a barrier against out-diffiision of hydrogen. 

Also, in a reliability test, there occurs almost no change of electric properties^ 
even by a high temperature and high humidity test, and reliability was also a sufficient 
one. 

It is conceivable that this is because the silicon nitride fihn 22 is blocking against 
diffusion of alkaline ions fiom the glass substrate* 

Also, in this embodiment, it becomes apparent fiom measurement of electric 
properties that, by tfa^al treatment of 600X, hydrogen is diffused in polycrystalline 
silicon, and at the same time, activation of the source/drain region is p<^ible, 

[Third Embodiment] 

On a glass substrate 21, with a plasma CVD method, by SiH4/NH3 mixture gas 
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series, a siKcon nitride film 22 was deposited by lOOOA. As conditions for deposition, 
by use of a parallel flat plate type plasma CVD apparatus, with conditions of SiH4(10% 
Hi dilution) flow rate ISsccm, NHj flow rate lOsccm, pressure 0.16 Tbrr, dischaige power 
3.5W, and substrate temperature 300*C, deposition was carried out for 35 minutes. In a 
silicon nitride film which was deposited under these conditions, as a result of IR (Infrared 
Radiation) analysis, it was found that hydrogen of about 10 atm% is contained. 

Next, by a RF plasma CVD method, with SiH2Cl2/HcI/H2 mixture gas series, on 
the silicon nitride fihn 22, a polycrystalline silicon thin fihn 23 was deposited by lOOOA. 
As conditions for deposition, with SiH2a2 0.9sccm, Hd 130sccm, Ha 200sccm, pressure 
ZO Torr, RF power SOW, and substrate temperature 230°C, it was deposited Under 
these conditions, on the silicon nitride fflm 22, deposited was a polycrystalline silicon thin 
film whose grain size is about 1.0 fJuiL 

Next, firstly, by a sputtering method, as a gate insulating film, a SiCfe film was 
deposited by 200A, and subsequently, as an insulating fihn which becomes a barrier 
apinst difiusion of hydrogen, by a plasma CVD method, a silicon nitride film was 
dqK)Sited by 300A, and th^eafter, a g^te electrode 25 was formed. Ibe reason that the 
Si02 film was d^osited in advance is, as is known well, for prevmdng such deterioration 
because if the gate insulating fihn is configured by only the silicon nitride fihn, due to 
polarization in the fihn, electric properties of MOSFET are deteriorated 

Next, by an ion implantation method, P'*' is implanted, and a sourc^drain region 
26 was formed. 

Next, in N2 atmosphere, with 550*C, thermal treatment was carried out. 
Next, as a protective fihn, by a plasma CVD method, a silicon nitride film was 
deposited by SOOOA. 

Next, a contact was opened at a desired region, and an Al electrode 28 was 

formed. 

In this embodiment, as the msulating fihn which becomes a barrier agamst 
difiusion of hydrogen, even if tbidmess of the sttioon nitride fihn is made to be 300A, 
density of hydrog^ m the polycr^tallme silicon thin fihn does not change at all as 
compared to the case that thickness of the sOicon nitride fihn was made to be 5000A. 

Also, as to a case that a Si02 fihn of SOOOA was used as a protective film, there 
was no change of density of hydrogen, and fiom such fact, it was found that even the 
silicon nitride fihn of 300A operates sufficiently as a barrier. 

Also, as a g^te insulatmg fihn, used was a 2 layer structure of a silicon nitride 
film and a silicon oxide film, but also as to this, as compared to the case that the SiCfe film 
was used, change of electric properties was not almost confirmed. 
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Also, in this embodiment, as a banier film, used is the sflicon nitride film by a 
plasma CVD method, but even if a silicon nitride fitau which was dqxjsited by a 
low-pressure CVD method, is used^ there were the same advantages* 

[Fourth Embodiment] 

On a glass substrate 21, with a plasma CVD method, by SffiU/NH^ mixture gas 
series, a silicon nitride fihn 22 was deposited by lOOOA. As conditions for deposition, 
by use of a parallel flat plate type plasma CVD apparatus, with conditions of $iH4{lO% 
H2 dilution) flow rate iSsccm, NH3 flow rate lOsccm, pressure 0.16 Torr, discharge power 
3.5W, and substrate tempeiature 300°C, deposition was carried out for 35 minutes. In a 
silicon nitride fihn which was deposited under these conditions, as a restUt of IR (Infrared 
Radiation) analysis, it was found that hydrogen of about 10 atm% is contained. 

Next, by a RP plasma CVD method, with SiH2Cl2/Hcl/H2 mixture g^s series, on 
the siliom nitride fihn 22, a polyciystalline silicon thin fihn 23 was deposited by lOOOA. 
As conditions for deposition, with SiH^Ch 0.9sccm, Hd 130sc<3n, Hj 200sccm, pressure 
2,0 Torr, RF power 60W, and substrate temperature 230''Q it was deposited. Under 
these conditions, on the silicon nibide fihn 22, deposited was a pdycrystalline silicon thin 
film whose grain size Is about 1.0 |jun. 

Next, as a gale insulating film 24, subsequently, as an insulating fihn which 
becomes a barrier against diffusion of hydrogen, by a plasma CVD method, a silicon 
nitride oxide fihn was deposited by 500A, and thereafter, a gate electrode 25 was formed. 
It is possible, as is known well, that the silicon nitride oxide film has both properties of a 
silicon nitride film and a silicon oxide film, by selecting nicely a composition ratio of 
nitrogen and oxygen in the fihn. Here, by use of SiOHLt/NHs/NiO mixture g?s series, by 
optimizing conditions for deposition, the composition ratio of the film was made so that N 
atomic ratio to Si becomes 3, and O atomic ratio thereto becomes 2. 

Next, by an ion implantation mediod, is unplanted, and a souic^drain region 
26 was formed. 

Next, m N2 atmosphere, with 600''C, thermal treatment was carried out 
Next, as a protective film, by a plasma CVD method, a silicon nitride film was 
deposited by 5000A. 

Next, a contact was opened at a desired region, and an Al electrode 28 was 

formed* 

In this embodiment, as a second insulating film whidi becomes a barrier against 
difi&ision of hydrogen, even if the silicon nitride oxide fihn was used, density of hydrogen 
in the polycrystalline silicon thin fibxi does not change at all as compared to the case that 
the silicon nitride film was used 
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Also, as the gate insulating film, the silicon nitride oxide fihn was used, but also 
as to this, as compared to the case that the SKh fihn was used, change of electric 
properties was not almost confirmed. 

[Fifth Embodiment] 

On a glass substrate 21, with a plasma CVD method, by SiH4/NH3 tnixture gas 
scries, a silicon nitride fihn 22 was deposited by lOOOA. As conditions for deposition, 
by use of a parallel flat plate type plasma CVD apparatus, with conditions of SiH4(10%H2 
dilution) flow rate ISsccm, NH3 flow rate lOsccm, pressure 0.16 Ton, dischaxge power 
3.5W, and substrate temperature 400''C, deposition was carried out for 20 minutes. 

Next, by a RF plasma CVD method, with SiH2a2/HcI/H2 mixture gas series, on 
the silicon nitride fihn 22, a polycrystallme siUcon thin fihn 23 was deposited by lOOQA. 
As conditions for deposition, with SifkCk 0-9sccm, HQ 130sccm, H2 200sccm, pressure 
10 Tbrr, RF power 60W, and substrate tempeiature 230"C, it was earned out Under 
these conditions, on the silicon nitride film 22, deposited was a polyoystalline silicon thin 
film whose grain size is about 1.0^m. 

Next, by a sputtering method, as a gpte msulating fihn, a Si02 film 24 was 
deposited by 50QA, and thereafter, a gate electiode 25 was formed. 

Next, by use of a parallel flat plate type plasma apparatus, hydrogen plasma was 
iiradiated. As conditions for hydrogen plasma, with pressure 016 Ton; discharge output 
600W, substrate temperature 300°C^ and irradiation time 30min, it was carried out. 

Next, by an ion implantation method, is implanted, and a source/drain region 
26 was formed. 

Next, as a second insulating film which becomes a barrier against diffusion of 
hydrogen, in the same maimer as in the first insulating film 22, by a plasma CVD method, 
a silicon nitride film 27 was deposited by 5000A« 

Next, in N2 atmosphere, with SSO^'C, thermal treatment was carried out 

Next, a contact was opened at a desired region, and an Al electrode 28 was 

formed. 

By comparison as to measurement of electric properties of M OSFET formed on 
the substrate in which the polycrystalline silicon thin fihn was directly formed on the 
glass substrate, in this embodiment and MOSFET which was formed by this embodhnent, 
electron mobility becomes more than 2 times, and fluctuation band of threshold voltage 
was reduced to less than 1/2. 

It is conceivable that this is because, due to thermal treatment, hydrogen is 
diffused from hydrogen plasma into the polycrystalline silicon thin film 23, and it is 
trapped at a boundary face level which exists m a substrate boundary face and a crystal 
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grain boundaiy in the polycrystalline silicon thin film 23, and the number of the level is 
leduced, and occmraice of a bade channel at the substrate boundaiy £ace is suppressed, 
and potential barrier of grain boundaiy went down. This is apparent also from such a 
fact that, from a result of ESR (Election Spin Resonance) measurement, density of 
dangling bond in the polycrystalline siUcon ihin film is reduced by more than 1 digit, due 
to thermal treatment 

Also, as to an effect of the silicon nitride films 22, 27 which become bairiers 
agaiost diffusion of hydrogen, for example, depending upon presence or absence of this 
silicon nitride fihn 27, density of hydrogen whidi exists in the polycrystalline silicon fihn 
23 is reduced &om an order of IE20cm^ to less than an order of IE19cm'^, and due to this 
fact, it was found that this film operates as a barrier against out-difEusion of hydrogen* 

Also, m a reliability test, there occurs almost no change of electric properties, 
even by a high temperature and high humidity test, and reliability was also a sufficient 
one. 

It is conceivable diat this is because the silicon nitride fibn 22 is blocking agamst 
dif^ision of alkaline ions fiom the glass substrate. 
[Sixth EmboduneDt] 

On a glass substrate 21, with a plasma CVD method, by SiHi/NIfc mixture gas 
series, a silicon nitride fihn 22 was deposited by lOOOA. As conditions for deposition, 
by use of a parallel flat plate type plasma CVD apparatus, with conditions of SiH4(10%H2 
dilution) flow rate iSsccm, NH3 flow rate lOsccm, pressure 0.16 Ibrr, discharge power 
3.SW, and substrate temperature 4WC; deposition was carried out for 20 minutes* 

Next, by a RF plasma CVD method, with SiH2Cl2/HciyH2 mixture gas series, on 
the silicon nitride film 22, a polycrystalline silicon thin fihn 23 was deposited by lOOOA. 
As conditions for deposition, with SiH202 0,9sccm, HQ I30sccm, H2 200sccm, pressure 
2.0 Ibrr, RF power 60W, and substrate temperature 230*C, it was carried out Under 
these conditions, on the silicon nitride film 22, deposited was a polycrystalline silicon thm 
film whose gram size is about l^Ofim, 

Next, by a sputtering method, as a gate insulating film, a SiQz fibn 24 was 
deposited by 50QA, and thereaftei; a g^te electrode 25 was formed. 

Next, by an ton implantation method, hydrogen is implanted in an entire surface 
of the polycrystallme silicon thin fihn 23, with conditions of IEl6cm~^ and acceleration 
voltage 20ke V 

Next, by an ion implantation method, is implanted, and a source/drain region 
26 was formed. 

Next, as a second in^ nlatiTig fjlm which becomes a barrier against diffusion of 
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hydiogCAj ifl the same manner as in the fiist inj^nlating film 22, by ft plasma CVD method, 
a silicon nitride film 27 was deposited by SOOOA. 

Nest, in N2 atmosphere, with SS&^C, theimal treatment was earned out. 

Next) a contact was opened at a desired region, and an Al electrode 28 was 

formed 

By comparison as to measurement of electric properties of MOSFET formed on 
the substrate in which the polyciystalline silicon thin film was directly formed on the 
glass substrate^ in this embodiment and MOSFET which was formed by this embodiment, 
electron mobility becomes more than 2 times, and fluctuation band of threshold voltage 
was reduced to less than l/2« 

It is conceivable that this is because, due to thermal treatment, hydrogen is 
diffused from hydrogen plasma ii^o the polycrystalline silicon thin film 23, and it is 
trapped at a boimdary &ce level which exists in a substrate boundary face and a crystal 
grain boundary m the polycrystalline silicon thm fihn 23, and the number of the level is 
reduced, and occurrence of a back channel of grain boundary is suppressed, and potential 
barrier of grain boundary wrat down. This is {^parent also fiom such a &ct that, fnm a 
result of ESR (Electron Spin Resonance) measuremrat, density of dangling bond in the 
polycrystalline silicon Chin film is reduced by more than 1 digit, due to thermal treatment 

Also, as to an efifect of the silicon nitride fihns 22, 27 which become barriers 
against diffusion of hydrogen, for example, depending upon presence or absence of this 
silicon nitride film 27, density of hydrogen which exists in the polycrystalline silicon film 
23 is reduced from an order of IE20cm to less than an order of IE19cm^ , and due to this 
fact, it was found that this film operates as a barrier against out-diffusion of hydrogen* 

Also, in a reliability test, there occurs almost no change of electric properties, 
even by a high temperature and high humidity test, and reliability was also a sufficient 
one. 

It is conceivable that this is because the silicon nitride film 22 is blockmg agaii^t 
diffusion of alkaline ions from the glass substrate. 

As above, in this embodiment, with respect to a crystalline semiconductor thin 
film, as to the efiiect of large grain size polycrystalline silicon formed by a plasma CVD 
method which is proposed by this applicant, and polycrystalline silicon which was formed 
by crystallizing, by use of thermal treatment, amorphous silicon which was formed by a 
plasma CVD metho4 they shows the advantages, but it is needless to say that, even if 
used is another crystalline semiconductor thin film such as polycrystalline silicon which 
was formed by a low-pressure CVD method, one which was formed by annealing and 
recrystallizing amorphous silicon which was made to be amorphous by implanting Si^ 
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into polycTystalline sOioon, large grain size polydystaUine silicxm which this applicant is 
prq)OSing in a patent application 62-73629, a patent application 62-73630 or single 
crystal silicon which was formed on such an amozphous substrate that this applicant is 
pioposmg in a patent application 63-107016, there were the same advantages. 
[Advantage of the Invention] 

An insulating film, which becomes a barrier against diffusion of hydrogen, is 
formed between a silicon thin fihn and a substrate, and in the silicon thin film, and further, 
thermal treatment is carried out, so that it was possible to reduce a boundary fecc level of 
a silicon thin fihn substrate boundary face, and to suppress a back channel effect, and it 
was possible to have electric properties of TFT improved, such as reduction of fluctuation 
band of threshold voltage, improvement of carrier mobility and so on. 

Also, as an insulating film which becomes a barrier against diffusion of 
hydrogen, by use of a silicon nitride film, it was possible to block intrusion of alkaline 
ioxis such as Na* etc. from the substrate, and it was possible to have reliability of TFT 
improved* 

As a result of this, it became possible to easily form TFT which is excellent at 
electric pxopeities and reliahility, on an inexpensive glass substrate. 
4. Brief Description of the Drawings 

Fifrl is a aoss sectional view for explaniing features of this invention. Fig.2 is 
a cross sectional view of MOSFET which w^ formed by use of this invention. Fig,3 is • 
a cross sectional view for explaining problems of the prior ait. 
- 11, 21, 31 ... substrate 

12, 22, 32 ... first insulatiog fihn which becomes a barrier agamst diffusion of 
hydrogen 

13, 23, 33 ... semiconductor thin film 

14, 24, 34 ... second insulating film which becomes a barrier against difiusion of 
hydrogen 
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